The GuaranÍ land -checklisT of hornworTs (anThoceroTophyTa) and liverworTs (MarchanTiophyTa) of paraGuay 1 Lars söderström, anders Hagborg, matt von Konrat & ana séneca abstract. The first ever liverwort and hornwort checklist is provided for Paraguay. Despite the high level of biological diversity in Paraguay, there remain very few intensive collecting efforts for liverworts and hornworts in the region since the late 1800's. We report 2 hornwort taxa and 71 liverwort taxa. The list is based on almost 100 literature references, including monographs, regional studies, and molecular investigations. Given the dramatic loss of habitats in Paraguay coupled with high species diversity in other organisms, further collecting of liverworts and hornworts is critical. There is also the potential to use historical records with contemporary collections to investigate the impact of habitat loss in the area.
The Republic of Paraguay (hereafter referred to as Paraguay) is situated almost in the center of South America where it is bordered to the south and southwest by Argentina, to the east and northeast by Brazil, and to the northwest by Bolivia. It's main population refer to themselves as Guaraní, which also is the name of one of the official languages and of the currency. Although Paraguay is mostly lowland (the highest point, Cerro Peró, is at 842 m), eastern Paraguay includes one of the worlds 35 biodiversity hotspots, the Atlantic forest. The Atlantic forest is the second largest rainforest of the American continent, once stretching almost continuously along the Brazilian coast and extending inland in the south and into eastern Paraguay and northeastern Argentina (Tabarelli et al. 2005 ). In the last three decades, alarming deforestation rates and the low percentage of Atlantic forest left by the 2000s call for immediate actions to halt the trends of forest loss (Huang et al. 2009 ). Hence, the Atlantic forest in South America has been identified as one of the top priority ecosystems for global biological conservation (Myers 1988; Olson & Dinerstein 2002) . While the Atlantic forest in eastern Paraguay only accounts for a small portion of the geographic area of the Atlantic Forest ecoregion, it has an disproportionately high level of species diversity (Huang et al. 2009 ). The number of vascular plant species in eastern Paraguay was estimated at the order of 10,000 (Zardini 1993) , while the number of invertebrate species in Paraguay was around 100,000 (Catterson & Fragano 2004) .
The only systematic collection of liverworts from Paraguay dates back to the late 1800's, and was carried out by Benjamin Balansa who spent considerable time there. His first stay there was from 1873 to 1877, the second was from 1878 to 1884. He spent most of his time in Asunción and on his estate in the Paraguarí province (Fourier 2005) . Spruce (1888) reported a list of 28 liverworts based on Balansa's material and he later (Spruce 1890) described the collection publishing 14 new species. We here present the first ever checklist of 73 liverworts and hornworts for Paraguay in an effort to further promote bryological research in the region, and provide a foundation for revisionary studies and floristic research. As a comparison, the moss checklist for Paraguay (O'Shea & Price 2008) includes 240 taxa. This checklist fills a major gap in our knowledge of terrestrial plants from this region. The significance of checklists is summarized by Söderström et al. (2008) , including outlining the utility of checklists as powerful and important tools, and their applicability to taxonomy, systematics, and conservation. Given the recent massive loss of forest habitats in Paraguay, the checklist may serve for as baseline inquiry with land management implications with further collecting efforts. Fig. 1 ). The eastern part of the country is covered by Alto Paraná Atlantic forests and is the most humid part of the country. It is also from here that most species are known (Fig. 2) . The central part of the country is covered with Humid Chaco, which consists of xenophile forests mixed with palm savannas. The western part is covered by Dry Chaco which consists of grasslands and thorn forests.
metHods and presentatIon
The present checklist is based on a compilation of all the published records of species and infraspecific taxa of liverworts and hornworts from Paraguay that we are aware of. The Early Land Plant Today (ELPT) database (von Konrat et al. 2010) was an important source. The format of the present checklist follows that of the database. Accordingly, confidence levels are provided for each taxon, as follows (Söderström et al. 2010; von Konrat et al. 2010 ):
* -serious doubts about the value of the taxon, ** -probably a good taxon, but not studied critically in the framework of a recent revision or monograph, *** -good taxon as currently understood, studied in the framework of a recent revision or monograph.
No attempt has been made to examine the specimens of the published records and verify the identifications. However, as in the recent checklists in the same series, a distinction is made between primary references (providing details on specimens and/or exact localities) and secondary ones (lacking details). Primary references are in small capitals and secondary ones in normal font.
Nomenclature follows the latest taxonomic opinions as much as possible and author abbreviations are according to the International Plant Names Index (http://www.ipni.org/index.html). Taxa doubtfully present in Paraguay and synonyms are listed separately. The list of synonyms only contains names used for Paraguay.
The following abbreviations are used for the provinces: AG (Alto Paraguay, 1 sp.), AN (Alto Paraná, 21 sp.), AM (Amambay, 4 sp.), AS (Asunción, 9 sp.), CC Concepción, CG (Caaguazú, 7 sp.), CZ (Caazapá, 3 sp.), CE (Central, 1 sp.), CR (Cordillera, 8 sp.), GU (Guairá, 5 sp.), IT (Itapúa, 3 sp.), PA (Paraguarí, 17 sp.), PH (Presidente Hayes, 1 sp.) and PAR (lack of precise locality information in the cited references). We do not have any reports of hornworts or liverworts for the remaining six provinces. There are a few localities that 
